Cancer immunotherapy and vaccines use a variety of strategies to generate immune responses against malignant cells[@R1]--[@R3] and several of these approaches are being tested as promising therapeutic interventions[@R4]--[@R9] either singly or in combinations.[@R8],[@R9] However, conventional vaccines and immunotherapies have generally been more effective at activating the humoral immune system, but less effective at generating cell-mediated responses, particularly CD8^+^ cytotoxic T lymphocytes, which are required to kill cancer cells. In addition, many earlier tumor vaccines and immunotherapy approaches have proven unsuccessful due to neutralization by antibodies, complexity of manufacturing, and the need for patient-specific products.

The *ras* oncogene, and its Ras protein gene product, contain the most common oncogene-related mutations in human cancer, with 30% of all human tumors harboring mutant Ras proteins.[@R10]--[@R12] *Ras* mutations are very frequent in many solid tumors including colorectal, pancreas, ovarian, non--small cell lung cancer (NSCLC) and malignant melanoma. Ras oncoproteins are ideal candidates for cancer immunotherapy because aberrant signaling through Ras contributes to uncontrolled cell proliferation and tumorigenesis. Furthermore, mutations in the *ras* oncogene occur in conserved locations, specifically codons 12, 13, and 61,[@R13] and the number of mutations that can occur at each codon is limited to a few predominant amino acid substitutions.

Tarmogen (*tar*geted *mo*lecular immuno*gen*) technology is an immunotherapy platform based on the use of whole, heat-killed, recombinant *Saccharomyces cerevisiae* yeast as vectors that are engineered to express one or more target protein antigens. These yeast-based products activate dendritic cells[@R14]--[@R16] and generate T cell immune responses that kill target cells expressing a number of viral and cancer antigens in human and murine models[@R14]--[@R22] and in an antigen-specific CD8^+^ T cell-mediated manner.[@R14],[@R18],[@R19],[@R22] Tarmogens are efficiently manufactured, are not neutralized by antibodies, and therefore can be used for both priming and boosting, and do not require a subject-specific approach.

The GI-4000 product series consists of 4 different yeast-based products. Three products were available for use in the study described herein: GI-4014, GI-4015, and GI-4016, which target the 3 most common mutations at codon 12 in the *ras* gene and the 2 most common mutations at codon 61.[@R17] All of these mutations result in constitutive activation of Ras and therefore unregulated activation of those growth factor pathways in which Ras is a second messenger, such as the epidermal growth factor pathway.

Products from the GI-4000 series have previously been shown to elicit remission of tumors in animal models and to do so in a mutation-specific manner.[@R17] Improved responses occurred with repeated dosing, confirming that the yeast vector was not neutralized by the host immune system. These findings support the use of the GI-4000 series for priming and boosting of the immune response, and show that the approach elicits specific and robust immune-mediated control of diseased cells in animal models of cancer.

Because of the central role for Ras activation in tumor proliferation, targeted destruction of cells harboring mutant Ras proteins with GI-4000 could result in therapeutic benefit in a broad range of human cancers. The current first-in-human study was therefore designed to evaluate the GI-4000 series with regard to safety, immunogenicity, disease progression, and overall survival of patients with late stage pancreas, colorectal or NSCLC. Before enrollment, patient tumors were first genotyped to establish the presence/identity of *ras* mutations and thereby identify which GI-4000 yeast product would activate T cell immunity against the matched mutant Ras protein (ie, GI-4014, GI-4015 or GI-4016). A dose-escalation scheme was also included in the trial to establish a maximum tolerated dose (MTD). The results of this first clinical trial in humans with GI-4000 demonstrated a favorable safety profile, with positive immunogenicity results.

MATERIALS AND METHODS
=====================

Study Design
------------

This study was a first-in-human, phase I, open-label, nonrandomized, multicenter, dose-escalation trial in subjects with a diagnosis of an advanced stage solid tumor known to harbor frequent mutations in *ras* (pancreas, colorectal, and NSCLC). The trial was conducted at 4 investigational sites in the United States.

Following informed consent, subjects who met inclusion and exclusion criteria had tumor tissue from biopsy, fine-needle aspiration or surgical resection specimens subjected to genomic sequencing of the *ras* gene. Subjects with mutations at either the codon 12 or 61 positions, which were represented in one of the GI-4000 products (GI-4014: G12V, Q61L, and Q61R; GI-4015: G12C, Q61L, and Q61R; or GI-4016: G12D, Q61L, and Q61R), were eligible for study enrollment. Eligible subjects were also required to meet the following inclusion criteria: have progressive and radiographically evaluable disease with evidence of recovery from previous chemotherapy, Eastern Cooperative Oncology Group (ECOG) performance score (PS) of 0 or 1 and expected survival \>6 months. A tumor was considered adequately evaluable if the Response Evaluation Criteria in Solid Tumors (RECIST 1.0)[@R23] were met, or if the presence of a reliable biomarker was adequate to define response, stability or progression.

Additional eligibility criteria evaluated before enrollment included absolute neutrophil count of \>1500 cells/mm^3^, platelet count of \>100,000/mm^3^, hematocrit of \>30%, and alanine aminotransferase/aspartate aminotransferase levels \<3 times the upper limit of normal. In addition, a negative urine or serum pregnancy test was required for women of child-bearing potential. A full medical history and a physical examination were both conducted before day 1 and ECOG PS were recorded. Blood was drawn for laboratory tests, biochemical tumor markers and immunologic assays, and skin testing was performed for immediate hypersensitivity to *S. cerevisiae* and delayed-type hypersensitivity to recall antigens *Candida albicans* and *Trichophyton*.

Objectives
----------

The primary objective of the study was to evaluate the safety of weekly administration of ascending doses of GI-4000 for 28 days in subjects with solid tumors expressing mutations in the *ras* oncoprotein. Secondary objectives were to evaluate the following: immunogenicity as measured by lymphocyte proliferation assay (LPA) and by other measures of immune function; effect on disease progression; and effect on overall survival.

Variables
---------

Demographic and baseline characteristics included age, sex, ethnic origin, weight, height, vital signs, time since diagnosis, number of previous chemotherapy regimens, tumor type, stage and grade, tumor imaging result, tumor biomarker levels, and codon position 12 or 61 *ras* gene mutations. Efficacy was evaluated on days 29, 57, and 85 unless disease progression had occurred or subsequent anticancer therapy had started. The following efficacy variables were assessed: tumor biomarker levels in serum; tumor response as defined by RECIST; time to disease progression, defined as the time from study drug start to the first observation of disease progression; and overall survival, defined as the time from study drug start until death due to any cause. Safety was assessed before administration of each dose and on days 57 and 85 by evaluating adverse events (AEs), serious adverse events (SAEs), safety laboratory assessments, physical examinations and vital signs. Blood for immunological assays was obtained before administration of each dose and on days 57 and 85. For complement activation assays (Bb, C3a, and C5a assays) blood samples were obtained predose and 1 hour postdose on days 1 and 15.

Tumor Tissue Sequencing
-----------------------

Cellular genomic DNA was extracted from biopsy material and amplified by polymerase chain reaction (PCR) using DNA primers flanking exon 1 (containing codon 12 sequences) and exon 2 (codon 61 sequences) of *K*-*ras*, *H*-*ras*, and *N*-*ras* genes. Amplified PCR products were resolved on agarose gels, then extracted and subjected to double-stranded DNA sequence analysis to identify *ras* mutations.

Interventions
-------------

The study drug, GI-4000 (GlobeImmune Inc.), is an investigational product being developed under an IND application with the US FDA. GI-4000 consisted of 3 different yeast-based immunotherapy products targeting the 3 most common mutations at codon 12 in the *ras* gene and the 2 most common mutations at codon 61 (GI 4014: G12V, Q61L, and Q61R; GI-4015: G12C, Q61L, and Q61R; GI-4016: G12D, Q61L, and Q61R). The version of GI-4000 containing a specific *ras* mutation identified in a particular subject's tumor was selected for use. The yeast strains were engineered to express the *ras* mutants as previously described,[@R17] using consensus sequences lacking the variable carboxyl-terminal signaling domains that distinguish the different *ras* family members (*K-ras*, *N*-*ras*, and *H*-*ras*).

Subjects received 5 weekly doses of study drug on days 1, 8, 15, 22, and 29 and underwent in-clinic follow-up assessments on days 57 and 85. Thereafter, subjects were followed for a total of 48 weeks after enrollment with monthly telephone contacts to assess long-term tolerance to study drug via AEs and overall health. To avoid the immunosuppressive effects of simultaneous chemotherapy, subsequent chemotherapy was withheld until the end of study treatment (day 29).

At least 3 subjects were assigned to the following ascending dose levels of GI-4000 on a cohort basis: 0.1, 0.3, 1.0, 10, 20, and 40 YU (yeast units; 1 YU=1×10^7^ yeast). Study drug was administered as a subcutaneous injection into the lateral upper arm alternated between left and right arms at sequential visit days. The 20 YU and 40 YU dose levels were split into multiple doses. In the 20 YU dose level, an injection of 10 YU was given into each upper arm for a total of 20 YU. In the 40 YU dose level, an injection of 10 YU was given into each upper arm and each upper thigh for a total of 40 YU. Escalation to the subsequent dose level was initiated after at least 3 subjects had received 5 weekly doses and were observed for at least 1 week posttreatment for dose limiting toxicity (DLT). Dose escalation was to be continued either until the maximum target dose of 40 YU was reached or until DLT was observed. DLT was defined as any grade 3 or 4 AE that was possibly, probably or definitely study drug related; or a grade 3 injection site reaction. All toxicity was graded according to the National Cancer Institute (NCI) Common Terminology Criteria for Adverse Events (CTCAE) version 3.0.

Immunology
----------

### LPA

Peripheral blood was collected in the presence of heparin at baseline, immediately before each product administration and also on days 57 and 85. Peripheral blood mononuclear cells (PBMCs) were isolated by Ficoll-Hypaque density gradient centrifugation and washed by centrifugation 3 times in Dulbecco's phosphate buffered saline. To evaluate levels of T cell activation in subjects treated with GI-4000, freshly isolated PBMCs (2×10^5^ per well) were cultured in Roswell Park Memorial Institute/5% heat-inactivated human AB^+^ serum in 96 U-well microtiter plates for 6 days in a humidified 5% CO~2~ incubator at 37°C in the presence of Ras peptide pools of 19 or 20 amino residues in length containing the relevant mutations at Ras position 12 or 61. Each pool contained 3--5 peptides, with a final concentration of each peptide in the assay of 2 μg/mL. Stimulation with the T cell mitogen, phytohemagglutinin, 5 μg/mL, and with *C. albicans* yeast extracts (Greer, Lenoir, NC), 20 μg/mL, were used as positive controls of proliferative activity and medium alone was used as a negative control. All conditions were set up in replicates of 3 or 4 as permitted based on the recovery of harvested PBMCs. Tritiated thymidine was added 24 hours before harvest and thymidine incorporation was measured by liquid scintillation.

A result was considered positive if any of the antigen-specific conditions had a stimulation index (SI) of at least 2-fold over the appropriate control condition. A subject was deemed a responder if an SI ≥2 was exhibited for at least 1 postbaseline timepoint. In addition, for all conditions where an SI ≥2 was obtained, a Student *t* test was applied to ascertain statistical significance of the response. Extreme outliers (identified by the extreme Studentized deviate method[@R24]) were removed from the analysis.

### Exploratory Gene Expression Analysis

PBMCs from days 1 (pretreatment), 8, 15, 22, and 29 were collected as described above and cryopreserved in liquid nitrogen until the day of use. Thawed PBMCs were plated at 10^6^ cells/well in 96-well plates in Roswell Park Memorial Institute/10% human AB serum and cells were incubated overnight before stimulation. Peptide pools were added at 2 μg/mL final concentration (V12 20-mer peptide pool) or a peptide pool consisting of CD8^+^ T cell epitopes from cytomegalovirus, Epstein-Barr virus and influenza virus (CEF).[@R25] Staphylococcal enterotoxin B (Sigma-Aldrich) at 1 μg/mL was added as a positive control and medium alone was used as a negative (untreated) control. After 6 hours, the cells were harvested, RNA was extracted and then analyzed by real-time quantitative PCR analysis (performed by Source MDx, Boulder, CO) using primers specific for interferon (IFN)-γ, granulocyte-macrophage colony stimulating factor (GM-CSF), tumor necrosis factor (TNF)-α and GAPDH, which was used as an internal control.

The averages of the cycle threshold number for triplicate samples for IFN-γ, GM-CSF or TNF-α cDNA were reported as the relative fold increase in mRNA expression compared with the untreated control using the 2-∆∆ cycle threshold method.

Complement Activation Assays
----------------------------

Complement activation assays were performed at the Complement Analysis Testing Facility, National Jewish Health, Denver, CO. Plasma was collected predose and 1 hour postdose on days 1 and 15 and shipped on dry ice to the testing facility. Samples were stored at −70°C until assayed. The split products, factor Bb, C3a and C5a, were measured by enzyme-linked immunobsorbent assays that utilized monoclonal antibodies against the specific human split product (Quidel Corporation, San Diego, CA). Standards, controls and test specimens were tested in duplicate.

Sample Size
-----------

As this was a phase I study primarily designed to evaluate safety and immunogenicity, formal power calculations would not have been meaningful and, therefore, were not performed. The study was sized to allow for at least 3 subjects to be enrolled at each dose level before dose escalation, in order to give adequate experience at each dose level. The study targeted a maximum of 20--30 subjects in the event that the highest dose (40 YU) was reached.

Statistical Methods
-------------------

Demographic and baseline characteristics were listed for all subjects and summarized by treatment. The baseline value of a variable was the last value recorded before the first dose of study drug.

All subjects who received at least 1 dose of GI-4000 were included in the tumor biomarker analyses. All subjects who had at least 1 measurable lesion at baseline and received at least 1 dose of GI-4000 were considered evaluable for response. Subjects had their response classified as complete response, partial response, stable disease (SD) or progressive disease according to the RECIST 1.0 definitions[@R23] or to biomarker or clinical assessment. The response rate was estimated as the proportion of subjects evaluable for response who met the criteria for complete response or partial response.

All subjects who received at least 1 dose of GI-4000 were included in the time to disease progression and overall survival analyses. Time to disease progression was defined as the time from study drug start to the first observation of disease progression. Subjects whose disease had not progressed at the final analysis were censored at their last contact date.

Overall survival was defined as the length of time from study drug start until death due to any cause. Subjects who were alive at the final analysis were censored at their last contact date. Kaplan-Meier curves of time to disease progression and overall survival were generated, and 95% confidence intervals for the median times to disease progression and overall survival were computed using the method of Brookmeyer and Crowley,[@R26] as implemented in PROC LIFETEST in SAS, Version 8.2.

All subjects who received at least 1 dose of GI-4000 were included in the safety analyses. Safety data, including AEs, SAEs, discontinuations due to AEs, laboratory findings, concomitant medications and other safety evaluations were listed and summarized descriptively. The MTD also was identified. The MTD was defined as the highest dose without DLT.

Each NCI CTCAE term (or, if no term were available, the Investigator verbatim) was coded using MedDRA, Version 8.0 preferred terms, and summarized by dosage of study drug and worst severity grade. Treatment-emergent AEs (referred to as AEs) were defined as any abnormal clinical observation that occurred on study drug, which was not present before exposure to study drug, or any clinical sign or symptom that worsened in either intensity or frequency after exposure to study drug. AEs occurring after administration of the first dose of study drug through study termination were summarized by body system, preferred term within each body system, dosage of study drug, and CTCAE severity, and relationship to study drug (possibly, probably or definitely related) according to the Investigator. The following data were also summarized: SAEs regardless of causality and SAEs considered related to study drug, deaths on study or in the follow-up period, and the reason for study discontinuation, including AEs resulting in study discontinuation.

Results of laboratory data were listed by subject and values outside the reference ranges were flagged. Descriptive summaries of selected laboratory test parameters were generated by dose level. Laboratory test abnormalities comparing baseline and worst NCI CTCAE grades on study were performed. Vital sign measurements at each timepoint were listed by subject. If applicable, vital signs were analyzed descriptively by dose level.

Interim Analysis
----------------

No formal interim analyses were planned and none was conducted. GlobeImmune's Medical Monitor conducted reviews of safety and tolerability parameters on an ongoing basis during the study. Reviews of safety labs and evaluation of AEs for each subject were completed before dose escalation.

RESULTS
=======

Participants
------------

Study disposition is diagramed in Figure [1](#F1){ref-type="fig"}. The planned sample size for this study was 20--30 subjects, with a follow-up time of 48 weeks. From the 169 screened subjects, 33 subjects were enrolled from 4 US sites between August 2004 and March 2006. The last subject's final visit occurred on June 12, 2006 and database lock occurred on February 10, 2009. More than 3 subjects were enrolled in most cohorts, as some subjects withdrew early from therapy and were replaced for accurate toxicity assessment of the dose level. In addition, because this was a multicenter study, some investigational sites enrolled subjects on the same date, thus increasing enrollment in some dose groups.

![Subject disposition. FU indicates follow-up; YU, yeast units.](cji-41-141-g001){#F1}

A total of 25 subjects (76%) completed all 5 subcutaneous injections of GI-4000. In each cohort, at least 3 subjects completed the protocol-specified treatment course of 5 weekly injections and 7 of 9 subjects at the highest dose (40 YU) received all 5 injections. The 20 and 40 YU dose groups were added by protocol amendment since subjects receiving the 1 YU dose showed no evidence of DLTs and, in addition, there was preliminary evidence of antigen-specific immune responses even at the lowest dose group (0.1 YU).

The majority of treatment discontinuations (6/8 subjects, 75%) were due to study withdrawal because subjects were thought to be unlikely to survive (including 1 subject for treatment failure/lack of efficacy). Other reasons were the AE of increased fatigue (1 subject) and death (1 subject), both of which were deemed unrelated to study treatment.

A total of 12 subjects (36%) participated in the follow-up phase of the trial. The main reason for not participating in follow-up was because subjects were thought to be unlikely to survive (13/21 subjects, 62%). Additional reasons were: consent withdrawal (2 subjects), lost to follow-up (2 subjects), death (1 subject), AE of increased fatigue (1 subject) and investigational site errors (2 subjects).

Baseline Characteristics
------------------------

Table [1](#T1){ref-type="table"} summarizes the baseline demographic characteristics for all subjects by dose group. The mean age for subjects was 61 years, 61% were male and the majority were white (82%). In addition, baseline ECOG PS was 0--1 for all subjects except 1, and subjects had either colorectal cancer (58%) or pancreas cancer (42%); none of the subjects screened with NSCLC had the necessary *ras* mutations represented in one of the versions of GI-4000. All subjects had product-related *K-ras* mutations except for one subject with a G12D *N-ras* mutation. As shown in Table [2](#T2){ref-type="table"}, the most frequently observed mutations were G12V (42%) and G12D (42%, including 1 subject with an *N-ras* mutation), with an incidence that was almost evenly distributed between subjects with pancreas and colorectal cancer. All subjects had advanced disease at study entry and had received at least one previous chemotherapy regimen. Subjects with colorectal cancer (n=19) received more prior therapies than subjects with pancreas cancer (n=14), as would be expected due to the poorer prognosis and shorter survival of subjects with pancreas cancer. Although the eligibility criteria allowed only 1--3 prior regimens, the median number of prior systemic regimens for subjects with colorectal cancer was 3 (range from 2 to 11) and the median number of prior systemic regimens for subjects with pancreas cancer was 2 (range from 1 to 4).

###### 

Summary of Baseline Demographic Characteristics for All Enrolled Subjects
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###### 

Baseline Summary of Product-related Tumor *Ras* Mutations for Enrolled Subjects by Cancer Type

![](cji-41-141-g003)

Safety
------

Given that at least 3 subjects in each cohort received all 5 injections, the safety of GI-4000 could be fully assessed in this study. Table [3](#T3){ref-type="table"} summarizes AEs occurring in at least 10% of subjects. The dose escalation was successfully performed without the occurrence of any DLTs throughout the study, and none of the subjects discontinued treatment due to a GI-4000 related AE. In addition, none of the deaths within 30 days of the last dose was considered related to study drug, and none of the SAEs was considered related to GI-4000.

###### 

Adverse Events Occurring in At Least 10% of Total Number of Subjects Regardless of Causality

![](cji-41-141-g004)

In each dose cohort, all subjects experienced one or more AEs regardless of causality. A total of 85% of subjects experienced grade 3--5 AEs, with 49% experiencing grade 3 events, 9% grade 4 events and 27% fatal events. Disease progression was, however, captured and reported as an AE and contributed to the high number of subjects with grade 3--5 AEs. As expected in this population of subjects with advanced cancer, the underlying disease was the main contributing factor for many grade 3--5 events, from fatigue to gastrointestinal symptoms, such as abdominal pain, nausea, vomiting, diarrhea, and constipation. The incidence of these AEs did not increase with increasing dose levels of GI-4000.

Injection site-related AEs were all mild in intensity, and the incidence was associated with receiving the highest local dose of 10 YU GI-4000 per injection site (10, 20, and 40 YU dose groups).

A total of 8 subjects (24%) experienced AEs during the poststudy period. None of the AEs in this reporting period was considered to be at least possibly related to GI-4000, but all were considered expected for subjects with advanced cancer.

SAEs were reported for 31 subjects (94%), with the worst severity being grade 3 in 67% and grade 5 in 27% of subjects. None of the SAEs was deemed to be related to study treatment. Most events were sporadic occurrences that were to be expected in a subject population with advanced and symptomatic pancreas and colon cancer (eg, gastrointestinal symptoms, thrombotic events). All 9 reported fatal events (27%) were due to disease progression. The incidence of SAEs regardless of causality was not significantly different for the respective dose groups.

The effect of GI-4000 on hematology, chemistry, urinalysis, physical examinations, and vital signs was not clinically significant.

Immunogenicity
--------------

A total of 31 subjects were evaluated by LPA, which is primarily a measure of antigen-specific CD4^+^ T cell activation. Nineteen of 31 subjects (61%) responded to Ras peptide stimulation in LPA either by maintenance or improvement in their baseline response or by a treatment-emergent response. A summary of the data is shown in Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"} and responses for 14 individual subjects are shown in Figure [2](#F2){ref-type="fig"}. Eight subjects (26%) exhibited detectable Ras peptide antigen-specific responses at baseline before treatment, and all but one of these subjects (in the 1 YU group) sustained or improved the response for at least 1 timepoint following GI-4000 administration (7/8, 87%). Of those who were negative at baseline (n=23), 12 subjects developed antigen-specific LPA responses following GI-4000 therapy (12/23, 52%). There were LPA responses across all dose groups with no obvious effect of dose on the response although the 40 YU group had the lowest frequency of responders (29%). However, approximately one third (13/40) of the PBMC samples tested from 40 YU group subjects did not proliferate in response to *C. albicans* indicating a diminished immunocompetence, and probably reflecting the overall health status of these subjects. In contrast, PBMC samples from subjects in all other groups had far fewer negative responses to *C. albicans* \[14% (4/28), 20% (4/20), 12% (4/32), 18% (5/28) and 0% (0/18) for 0.1, 0.3, 1, 10 and 20 YU groups, respectively\].

###### 

Summary of Immune Responders: Overall Immune Responders
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###### 

Summary of Immune Responders: Immune Responders by Dose Group
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![Representative lymphocyte proliferation assay (LPA) responses. LPA responses are shown as stimulation indices for ^3^H-thymidine uptake in peripheral blood mononuclear cells following stimulation with Ras peptide pools at baseline (day 1) and at up to 6 timepoints following initiation of treatment with GI-4000. Dotted line indicates a stimulation index of 2, the cut off for responsiveness. Fourteen of 19 subjects with proliferative responses ≥2 are shown. The additional 5 subjects deemed responders by LPA are not shown either because only 1 on treatment sample day was available (n=3) or because the baseline response was not exceeded by the on treatment responses (n=2). Top row: responses of 5 long-term survivors who survived beyond the 48 week follow-up period. YU indicates yeast unit.](cji-41-141-g007){#F2}

One subject in the 20 YU group (with pancreas cancer), who survived past the 48-week follow-up period (as shown), was additionally evaluated by an exploratory cytokine gene expression assay in which PCR amplification was used after ex vivo stimulation of PBMCs with Ras G12V peptide pools. Treatment emergent increases in GM-CSF mRNA expression were observed (Fig. [3](#F3){ref-type="fig"}A) following initiation of treatment with GI-4000. In contrast, when PBMCs were stimulated with a CEF peptide pool, high GM-CSF mRNA expression was seen at baseline but expression did not increase following GI-4000 treatment (Fig. [3](#F3){ref-type="fig"}B). TNF-α and IFN-γ mRNA expression increased to a lesser extent on treatment in response to Ras peptide pool stimulation and IFN-γ mRNA expression was also increased at day 8 following stimulation with the CEF peptide pool but thereafter did not exceed baseline levels (Figs. [3](#F3){ref-type="fig"}A, B). This subject was also a responder by LPA (Fig. [2](#F2){ref-type="fig"}: top row, far right).

![mRNA expression in peripheral blood mononuclear cells restimulated with Ras peptide pools. One subject in the 20 YU group (with G12V *ras* mutation) survived beyond the 48 week follow-up period. Bars show relative increases in expression of GM-CSF, IFN-γ, and TNF-α mRNA compared with unstimulated controls following stimulation of peripheral blood mononuclear cells with Ras G12V peptide pools (A) or CEF peptides (B) at 2 µg/mL final concentration. GM-CSF indicates granulocyte-macrophage colony stimulating factor.](cji-41-141-g008){#F3}

Complement Activation
---------------------

Complement activation was carried out as a safety assessment to evaluate whether GI-4000 activated the complement pathway. Although there were individual subjects who appeared to have dose-related changes in their complement split products, there was no consistent pattern that could be attributed either to activation or to decreased levels of complement fragments after treatment (data not shown). Of note, 1 subject (0.1 YU group) had greatly elevated C3a (13,777 ng/mL) and C5a (33.05 ng/mL) on day 15 before receiving study drug but these values dropped to 621 and 10.59 ng/mL, respectively, posttreatment.

Efficacy
--------

Analyses of efficacy were performed using the intent-to-treat population, which included all 33 subjects enrolled.

Tumor response was assessed using RECIST, biomarkers or clinical evaluation by the investigator and an evaluation of response was performed for all subjects on days 29, 57, and 85, unless disease progression had occurred or subsequent anticancer therapy had started. No objective tumor responses were observed, but based on radiographic imaging, clinical status, and/or biochemical markers, SD was observed in 6 subjects (18%) on day 29, while 1 subject (3%) in the 20 YU dose group had SD at the day 57 and 85 visits.

No significant trends for the time to disease progression were observed based on the analyses per dose group.

Overall survival was defined as the length of time from the start of study drug until death due to any cause. Subjects alive at the end of study were censored in the survival analysis. Table [6](#T6){ref-type="table"} summarizes the subject deaths at database lock: 31 deaths (94%) had been confirmed in the overall population, while the status of 2 subjects (6%) could not be confirmed. After database lock, a search of the Social Security Death Registry confirmed date of death for both subjects. The median overall survival, estimated from the univariate Kaplan-Meier curves (Fig. [4](#F4){ref-type="fig"}), was 3.3 months (95% confidence interval, 2.3--5.3 mo). There was a negligible difference in median overall survival between subjects with colorectal and pancreas cancer (98 vs. 90 d, respectively) mainly due to 1 long-term survivor with pancreas cancer in the 20 YU group (as previously shown). Five subjects survived past the 48-week follow-up period, including 1 subject whose disposition at time of database lock could not be confirmed, and all 5 subjects exhibited antigen-specific LPA responses on treatment (see Fig. [2](#F2){ref-type="fig"}, top row). No significant dose-dependent trends for survival were observed.

###### 

Summary of Subject Deaths by Dose Group and Cancer Type
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![Overall survival based on Kaplan-Meier analyses of all enrolled subjects.](cji-41-141-g010){#F4}

DISCUSSION
==========

This study was conducted to characterize the safety profile, immunogenicity and effect on disease progression of ascending doses of GI-4000 in subjects with solid tumors expressing mutations in the Ras oncoprotein. Baseline characteristics were reflective of this population of subjects with advanced pancreas or colorectal cancer. The results demonstrated that GI-4000 was well-tolerated and immunogenic in this subject population. No DLTs, therapy-related SAEs or therapy-related clinically significant laboratory abnormalities were observed. Injection site reactions were only mild, even at the highest locally administered dose per injection of 10 YU, which was used for the 3 highest dose levels of 10, 20, and 40 YU (each dose of 20 YU was administered as 10 YU×2 injections, and each dose of 40 YU as 10 YU×4 injections). A treatment emergent immune signal was detected in over half of the subjects (defined by an SI ≥2 in the proliferation assay). One subject with stage IV pancreas cancer had prolonged SD and on-treatment Ras-specific immune responses. Five subjects survived past the formal 48-week follow-up of the study and all 5 exhibited Ras mutation-specific immune responses (measured by LPA) on treatment. As longitudinal analysis was not performed (ie, baseline samples were not assayed on the same day as on-treatment samples), apparent on-treatment increases in responses of baseline positive subjects cannot be definitively identified. For baseline negative subjects, the emergence of an immune response at later timepoints is more indicative of the ability of GI-4000 to elicit de novo immune responses. Although there were no obvious effects of dose on the immune response, the highest dose group (40 YU) had the lowest frequency of immune responders. This could be attributed to the poor quality of the samples, related presumably to health status of the subjects in this dose group. There were no survivors past the 48-week point in this group and approximately one third of samples tested from 40 YU group subjects did not proliferate in response to *C. albicans* by LPA (data not shown), indicating a diminished immunocompetence. In contrast, the majority of samples from all other groups responded to *C. albicans* in LPA.

In conclusion, this trial presented a favorable safety and immunologic profile of GI-4000 in a population of subjects with advanced pancreas and colorectal cancer. The highest dose tested (40 YU) in this trial was selected for use in subsequent phase 2 trials: GI-4000-02, which evaluated GI-4000 in subjects with newly diagnosed, resected pancreas cancer and GI-4000-03, a phase 2b study in NSCLC patients.[@R27]
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